Existence of new gauge U(1) symmetry possessed by dark matter (DM) particles implies the existence of a new Coulomb-like interaction, which leads to Sommerfeld-Gamow-Sakharov enhancement of dark matter annihilation at low relative velocities. We discuss a possibility to put constraints on the such dark forces of dark matter from the observational data on the gamma radiation in our Galaxy. Gamma-rays are supposed to originate from annihilation of DM particles in the small scale clumps, in which annihilation rate is supposed to be enhanced, besides higher density, due to smaller relative velocities v of DM particles. For possible cross sections, mass of annihilating particles, masses of clumps and the contribution of annihilating particles in the total DM density we constrain the strength of new dark long range forces from comparison of predicted gamma ray signal with Fermi/LAT data on unidentified point-like gamma-ray sources (PGS) as well as on diffuse γ-radiation.
Introduction
From the first articles revealing the indirect effects of the cold dark matter (CDM) in the form of heavy neutral leptons [1] [2] [3] [4] [5] [6] [7] [8] or supersymmetric particles [7, 9, 10] , such indirect effects of dark matter annihilation had been the subject of intensive studies in the data on the cosmic rays (CR) and gamma radiation. In the CDM scenario DM particles could form the hierarchic structures over a wide range of scales and masses (from small scale clumps to large scale structures) [11] [12] [13] [14] [15] [16] . The annihilation rate of DM particles within these clumpy structures, giving rise to cosmic ray signals [4] [5] [6] [7] [8] [17] [18] [19] [20] [21] [22] , should be enhanced due to higher density of DM particles in them, as compared with their averaged density in the Galaxy. The annihilation cross section can be also enhanced at small relative velocities of DM particles, which are especially small in the lightest clumps, which are likely to be the most abundant. Due to these factors the clumps, located in a neighborhood of Solar system, can be observed as discrete (basically point-like) gamma-ray sources [19, 21, [23] [24] [25] , while the overall effect of such clumps should increase the diffuse gamma background in the Galaxy.
In this paper we address the sensitivity of the given effect [24, 25] to the existence of long range dark forces originated from new U(1) gauge charges, which annihilating dark matter particles possess. Coulomblike interaction (we will refer to it as "y-interaction") of these U(1) charges leads to Sommerfeld-GamowSakharov (SGS) enhancement of particle annihilation at low relative velocities. Since small scale clumps of dark matter have small gravitational potential the relative velocities of particles, annihilating within these clumps, is much smaller, than of unclumped particles in the galactic halo, what enhances the sensitivity of both the data on the discrete gamma-ray sources and on the diffuse γ-radiation to the effects of the dark forces in dark matter annihilation.
One should note that effects of DM annihilation enhancement due to new interaction were first considered in [26, 27] and then in many successive pa-pers, e.g. [28] [29] [30] [31] [32] . In most of these papers SGS enhancement was mainly studied for the case of dominant form of DM that possess new interaction with massive carrier, as well as the effect of this enhancement for point-like gamma-ray sources, treated in the present work, were not considered.
The existence of new U(1) gauge symmetry implies the existence of the corresponding massless dark photons. They can increase the effective number of relativistic species at the radiation dominated stage. Decoupling of such photons from the plasma in the early Universe takes place in the period of freezing out of the CDM particles, what makes this contribution compatible with the measurements of the effective number of the neutrino species (see e.g. [33] for review and references).
Note that new interaction can lead to binding of DM particles into atomic-like states with their successive annihilation [33] , or stable dark atoms in case of multicomponent (charge asymmetric) DM [33] [34] [35] . This effect, going beyond the scope of the present work, deserves separate consideration.
2 Gamma-ray signal from yinteracting DM clumps
In calculations of gamma-ray signals from the clump in this paper we follow our previous work [24, 25] . For density profile inside the clumps we use profile BGZ obtained in [19, 21, 23] , which gives the minimal estimation of the γ-flux from the clump [24, 25] . Fraction ξ = 0.002 from total density of DM in Galaxy is taken for the clumps survived until present time. We study γ-radiation effect for only minimal clump mass, formally assuming that all DM clumps are with this mass. According to theoretical estimates consistent with observations, the small mass clumps are predicted to be the most abundant [19, 21, 36] . However, the following merging and formation of the high-mass clumps (sub-halos) lead to the transformation of the mass distribution and the sub-halos effect can be also noticeable [37] , but the picture does not change a lot.
To cover a wide class of models of DM particles, we parametrize their annihilation cross section as follows:
what corresponds to the s-wave amplitude only. Parameter σ 0 is determined by cosmological density of the particles Ω. The factor C(v, α) takes explicitly into account a possible Coulomb-like y-interaction of DM particles, which leads to a Sommerfeld-GamowSakharov enhancement [38] [39] [40] [41] and has the form:
Here α is the fine structure constant of additional interaction.
One should note that y-interaction implies not only SGS enhancement of the annihilation cross section but also leads to the existence of new channels that involve y-photons in the final state. The corresponding suppression of the branching ratio for ordinary photon production is effectively taken into account in our calculations by a multiplicity of produced photons, N γ (see below).
The enhancement (eq. (2)) of the annihilation cross section may lead to decrease of the frozen out density of DM particles. However in the period of their freezing out in the early Universe the particles were semirelativistic (with typical velocities v ∼ c/5) so that relic density cannot decrease significantly. Effect of annihilation of DM particles in massless bosons of y-interaction (y photons) needs in general special study in the framework of particular models of DM particles but it also cannot strongly increase the annihilation cross section (and correspondingly decrease the relic abundance) taking into account all the other possible annihilation channels.
In the modern Universe, when the particle velocities are nonrelativistic, the factor (eq. (2)) may significantly enhance the annihilation effects [42] [43] [44] [45] . Such effects become noticeable even for a subdominant component with Ω Ω CDM as it takes place in case of heavy stable neutrinos with y interaction [46] . Therefore we suppose that an active (annihilating) component of DM may be both dominant and subdominant, i.e. Ω ≤ Ω CDM with Ω CDM ∼ 0.2 being the total relative density of cold dark matter in Universe. In estimation of cosmological density Ω we follow to the standard approach [47, 48] .
It is worth to note that the given scheme does not take into account possibility of binding pairs of considered particle-antiparticle due to y-interaction. If nonrelativistic DM particles are decoupled from the ambient plasma their rapid cooling can strongly en-hance the rate of such recombination that may exceed the expansion rate due to high recombination cross section. This process leads inevitably to annihilation and it may strongly suppress the abundance of these DM particles [27] .
Since the Coulomb-like y-interaction is excluded for Majorana particles, it is assumed in our estimations that the considered DM particles are Dirac particles with mass m ∼ 100 GeV. If annihilating DM particles do not constitute all DM (Ω < Ω CDM ) then their contribution to density of clumps is assumed to be proportional to Ω/Ω CDM (eq. (4)). We do not specify annihilation channel of photon production, assuming that their averaged multiplicity for energy E γ > 100 MeV is N γ = 10. It is quite typical value for high energy processes at respective energy release.
The photon flux at distance l from the clump centre is given by
where the particles/antiparticles number density is
Note that the fraction of subdominant DM particles should be suppressed in the clumps of mass M < M min , if they are, where M min is the minimal mass which could be formed by considered DM particles if they prevailed in density. In our study we do not take into account this. The value σ ann v is determined by averaging over velocity distribution of DM particles inside the clump, assumed to be Maxwellian one with the "virial" temperature T vir = GM m/2R. LAT registers γ-radiation with energy E γ > 100 MeV [49] and the flux F > F min ≈ 3 × 10 −9 cm −2 sec −1 . The value F min determines the maximal distance l max at which the clump can be registered as γ-source. It gives for chosen profile l max ∼ 10 −5 pc for σ 0 = 10 −35 cm 2 and 10 −10 M without y-interaction and l max ∼ 1 pc with one and the same parameters. All the obtained l max Galactic size, what justifies assumption that clump number density n cl ≈ const and corresponds to the local one. So
where ρ loc = 0.3 GeV/cm 3 . The number of clumps which may be detected by LAT is
The analogous results for some other profile models are given in [25] .
Since the clumps at distance l < l max are expected to be distributed homogeneously, we can try to explain by them only isotropic component of unidentified PGS registered by Fermi LAT [50] . It includes ∼100 sources. From this, respective regions of the parameters α and σ 0 for the typical clump masses 10 −10 ÷ 10 −6 M [22] are obtained. The results are shown at fig. 1 . Note, that unidentified PGS data also allow another application to the exotic physics [51, 52] .
The distant clumps situated at l > l max should contribute in the diffuse γ-radiation. γ-Flux from them per given solid angle can be expressed as
where F and P are introduced in Eq. 3, l halo is the distance to the edge of halo along to line of sight and l eff halo ≈ 10 kps is its effective value (typical for many halo density profiles); l max is negligible with respect to l halo . One requires that
where Φ exp is the diffuse γ-background measured by LAT [53] . It puts the upper limits on the annihilation cross section parameters which are also plotted on fig. 1 . It follows from these constraints that the case of clump mass M = 10 −10 M is completely ruled out, while the case of M = 10 −6 M is constrained but up to ∼10 PGS are still possible. Higher masses of clumps avoid these restrictions. As to the parameters σ 0 and α, the range 3 × 10 −36 σ 0 10 −32 cm 2 and 10 −6 α 10 −1 are found to be the most interesting ( fig. 1) .
Effects of DM annihilation during period of the recombination of hydrogen can put constraints on the parameters of y interaction. However, this question should be considered along with effects of DM recombination which might help to escape these constraints, what is out of the scope of the present paper. Here m 100 is the dark mater particle mass m in units of 100 GeV.
It is interesting to note that one of the subdominant dark matter candidates -heavy neutrinos ν 4 with y-interaction -can explain a part of unidentified point-like LAT sources due to ν 4ν4 -annihilation with mass m ν 4 ∼ 46 − 49 GeV [24, 25] . At the fig. 2 a typical γ-spectrum from 47 GeV neutrinos annihilation is shown in comparison with measured spectrum of one of the non-identified PGS (annihilation spectrum was obtained with the help of Monte-Carlo generator Pythia 6.4 [54] ). However, one should take into account that the heavy neutrino parameters are strongly restricted by underground experiments [46, 55] , as well as the predicted ν 4 relic density suffers with an uncertainty related with their possible annihilation due to recombination of the y-interacting neutrinos and antineutrinos after their freezing out in the early Universe [46] .
Conclusion
In this paper we apply the approach developed earlier in our analysis of γ-radiation from annihilation of dark matter in clumps [24, 25] to the case of new U(1) symmetry and put constraints on the parameters of the corresponding dark force from the data on discrete gamma sources and gamma background. We have shown that DM clumps in vicinity of the Solar system could be observed as point-like sources of the γ-radiation and they can partially explain unidentified γ-sources, registered by LAT. Effects of DM annihilation in more distant clumps contribute to the diffuse gamma background and this contribution strongly depends on the minimal mass of the clumps. The smaller is the mass of clumps the stronger is effect of Sommerfeld-Gamov-Sakharov enhancement of the annihilation rate so that the observational data on γ-background and on the unidentified point-like γ-sources provide constraints on the strength of the Coulomb-like dark force. These constraints are highly sensitive the choice of a density profile inside the clump and are obtained for the most "conservative" BGZ [21] model. It should be also noted that the suppression of the subdominant fraction of DM particles in clumps of mass M < M min has not been taken into account and requires special study.
